Arachidonic acid directly activates members of the mitogen-activated protein kinase superfamily in rabbit proximal tubule cells.
To explore the roles of eicosanoids in arachidonic acid-induced mitogen-activated protein kinase (MAPK) signal transduction, we have shown that exposure of proximal tubular cells to arachidonic acid induces phosphorylation of c-Jun NH2-terminal kinase (JNK) and extracellular signal-regulated kinase (ERK), two members of the MAPK superfamily. We observed that ketoconazole, an inhibitor of the cytochrome P450 pathway, blocked ERK but not JNK activation. Direct regulation of arachidonic acid on mitogen-activated protein kinase (MAPK) signaling pathways was evaluated more directly by utilizing specific enzyme inhibitors of the cytochrome P450 metabolic pathway and by comparing the relative efficacy of arachidonic acid versus its cytochrome P450 metabolites (exogenous and endogenous), eicosatetraynoic acid (ETYA), and other fatty acids on the phosphorylation of members of the MAPK superfamily (ERKs, JNK, and p38(MAPK)), by utilizing early passage rabbit proximal tubular epithelial cells. Arachidonic acid activated p38(MAPK), a third member of the MAPK superfamily, in a time- and concentration-dependent manner. Studies designed to evaluate the ability of arachidonic acid and its cytochrome P450 metabolites (endogenously and exogenously) to stimulate ERKs, JNK, and p38(MAPK) found four conclusions. First, the metabolites of arachidonic acid generated endogenously by cytochrome P450 2C1 significantly augmented basal ERK activity, whereas the metabolites generated by the 2C2 isozyme significantly augmented basal p38(MAPK) activity. However, their effects were less profound than arachidonic acid itself. In contrast, there were no significant effects with transfection of either isozyme on basal JNK activity. Second, a variety of exogenous cytochrome P450 products were less potent than arachidonic acid on a molar basis in stimulating the activity of all three MAPKs. Third, ketoconazole and 17-octadecynoic acid, inhibitors of the cytochrome P450 pathway, as well as PPOH and DDMS, inhibitors of the epoxygenase and omega-hydroxylase pathways, respectively, failed to significantly reduce the effects of arachidonic acid to activate ERK and p38(MAPK) (JNK was not evaluated). Finally, arachidonic acid, its inactive analog ETYA, and other fatty acids with differing chain lengths and degrees of saturation stimulated the activity of all three MAPKs. These observations substantiate a role for arachidonic acid and other fatty acids in signaling linked to the MAPK superfamily in rabbit proximal tubular epithelium without the necessity of conversion to cytochrome P450 metabolites.